C
ONSISTENCY of carcass fat may be a factor in pork quality (Harrington, 1958) . Barber et al. (1957) and Beltis (1961) reported that dietary copper supplements adversely affected the carcass grades of market pigs. Taylor and Thomke (1964) observed that copper supplementation of the diet resulted in a softening of the depot fat as indicated by a significantly (P<.01) greater iodine value (Hanus) and a significantly (P<.01) decreased consistency value. The latter value is expressed as the amount of vacuum required to extract a sample of fat from a tube under defined conditions as described by Taylor and Thomke (1964) . However, Braude (1965) reported that an attempt to confirm this observation was unsuccessful.
Experiments at the University of Alberta support the report of Taylor and Thomke (1964) . Soft fat was noted on the grading reports of 80% of 40 market pigs receiving copper (CuSO4"5H,)O to supply approximately 250 mg. Cu/kg. diet) as a supplement to barley-fishmeal diets. Of these 32 pigs with soft fat, 52% were degraded for this reason alone under Canadian hog carcass grading standards. Only 5% of pigs fed the same dietary formulation without copper supplement had soft fat. When copper was added to barley-soybean meal diets 19% of the pigs were reported to have soft fat. No soft fat was reported among pigs fed the unsupplemented soybean meal diets. Other aspects of these experiments are published elsewhere (Bowland and Castell, t964, 1965) .
The experiment reported herein was designed to obtain information concerning the effects of copper supplementation of a barleyfishmeal diet on the fatty acid composition of the depot fat of market pigs.
Experimental
At an average initial weight of 5.0 kg., 1 Department of Animal Science.
Supported in part by a grant from the National Research Council of Canada. The senior author is the recipient of an N.R.C. studentship. twenty-four 3-wk. old Hampshire X Yorkshire barrows were assigned on the basis of litter weight and origin to six pens. Each pen, 1.83 m. X 4.42 m., contained four pigs and each set of three pens constituted a dietary group; either basal or basal plus copper. The composition of the diets is given in table 1. The same diet was individually fed throughout the experimental period to a scale based on liveweight (table 2). The pigs had free access to water.
Preassigned pigs from each pen were sacrificed at average liveweights of 26, 47, 70 and 90 kg. The 26 and 47 kg. pigs were killed by stunning and severing the jugular vein. The 70 and 90 kg. pigs were marketed through normal commercial channels. One pig preassigned to the 70 kg. copper supplemented group was removed from the experiment. The data for this pig were not used and missing values, the average of other pigs in the group, were substituted in the 70 kg. copper supplemented group. This was accounted for in the statistical treatment of the data.
At the time of slaughter, strips of backfat approximately 2.5 cm. in width were taken from the right half of each carcass. The strips were cut adjacent to the midline from shoulder to rump. In addition, pooled random samples of perinephric fat were obtained from both sides of each carcass. The fat samples were stored in glass bottles at --4 ~ C. under nitrogen.
When the samples were prepared for analysis, the backfat was separated into its outer and inner layers and a thin slice was taken from the entire length of each layer. The samples of outer and inner backfat and the perinephric fat were chopped into small pieces and extracted with petroleum ether, bp 39.5-49.4 ~ C., for 24 hr. in a Goldfisch apparatus. The extract was dried by filtration through anhydrous Na2SO4, the solvent removed under N~ in a flash evaporator and approximately 50 mg. of the lipid so obtained transferred under N2 to 150 X 20 mm. screw cap culture tubes for preparation of methyl esters. Transesterification to form the methyl esters 956 was accomplished using boron flouridemethanol according to the method of Morrison and Smith (1964) for triglycerides except that n-pentane was substituted for benzene.
Each sample of the methyl esters was chromatographed in duplicate, using an Aerograph model A90-P3 gas chromatograph equipped with a thermal conductivity detector. Separation was achieved on a 180X 0.62 cm. aluminum column packed with 20% diethyleneglycol succinate on a 60-80 mesh firebrick. The following isothermal conditions prevailed: column temperature, 210 ~ C.; injector temperature, 250 ~ C.; detector temperature, 255 ~ C.; helium flow rate, 100 ml./min.; filament current, 200 ma. Correction factors for detector response were determined by daily chromatographing a sample of known weight percent which approximated the fatty acid composition of porcine depot fat. Percent composition of the samples was determined by using a planimeter to measure the area under each peak in the case of the outer and inner backfat and by means of an electronic integrator attached to the recorder in the case of the perinephric fat. Each area was corrected for detector response, and the sum of all corrected areas was obtained. The corrected area for each peak was expressed as a percent of the total corrected area. Major peaks were identified by comparing their retention times with those of pure standards? Several minor peaks of less than 2% were not identified. Data were analyzed statistically by analysis of variance.
Results and Discussion
To facilitate presentation of the data the sum of the saturated acids (14:0, 16:0 and 18:0) and the sum of the unsaturated acids (16:1@18:1@18:2) were obtained. These six fatty acids represented greater than 95% of the total fatty acids. The results of this summation are shown in fig. 1 , for outer backfat, inner backfat and perinephric fat. At 26, 47 and 70 kg. liveweight, in both the outer and inner backfat layers there were significantly (P~.01) greater percents of the unsaturated acids among pigs receiving the copper supplemented ration as compared to pigs receiving the basal ration. At 90 kg. liveweight the apparent differences were not significant. In the perinephric fat, copper supplementation resulted in a significantly (P < .05) increased percent of the unsaturated acids and a significantly (P<.05) decreased percent of the saturated acids at 26 kg. liveweight. At 47 and 70 kg. liveweight, similar significant differences (P<.01)occurred while at 90 kg. the apparent differences were not significant.
Data for the individual fatty acids are presented in table 3. Generally the increased percent of unsaturated fatty acids in pigs fed copper supplemented diets could be accounted for by significantly greater amounts of 16:1 and 18:1 acids. Similarly the de- creases in saturated fatty acids could be accounted for by significantly lesser amounts of 16:0 and 18:0 acids. There are three means by which a depot fat can be softened. There may be an increase in the proportion of unsaturated fatty acids present, an increase in the proportion of short chain fatty acids present, or changes in the structure of the component triglycerides. The data presented in table 3 indicate that copper supplementation softens depot fats of pigs by increasing the proportion of unsaturated fatty acids, notably 16:1 and 18:1. However, there is also an indication that a slight increase in the proportion of a shorter chain fatty acid, 14:0, was involved (table  3) at least in the case of the outer and inner backfat layers. Previous experiments at the University of Alberta Castell, 1964, 1965) support the observation that copper supplementation softens depot fat in pigs but they do not indicate the specific changes in fat composition responsible for the softening.
It has been suggested by Taylor and Thomke (1964) that high levels of dietary copper could influence the absorption of dietary fat components, influence the mobilization from or deposition of fatty acids in the depot fat or interfere with endogenous fat metabolism through storage of copper in the liver. The present experiment does not reveal the site of action of copper in fat metabolism. Linoleic acid did not contribute to the increase in unsaturated fatty acids in fats from pigs receiving copper supplements except at 47 kg. Linoleic acid is an essential fatty acid not synthesized in the animal body. If copper had exerted its effect by causing preferential absorption of unsaturated fatty acids in the diet, then one would expect that the increase in unsaturated fatty acids in the adipose tissue, caused by copper supplementation of the diet, would have been consistently attributed to an increase in linoleic acid. The data suggest, therefore, that the site of action of copper is systemic rather than enteric.
In the present experiment there was not a significantly greater proportion of unsaturated fatty acids present at 90 kg. (market weight) among the copper supplemented pigs nor was soft fat noted on the grading reports for these pigs. These pigs had been fed to scale and averaged 202 days of age at the time of marketing. Average daily gains of the basal and copper supplemented pigs were similar at 0.48 and 0.49 kg./day, respectively. In previous experiments Castell, 1964, 1965) in which 80% of the pigs receiving copper were reported to have had soft fat, the pigs had been fed the same dietary formulation ad libitum and averaged 155 days of age at the time of marketing. In the present experiment, there was a significantly greater proportion of the unsaturated fatty acids in the depot fats of copper supplemented pigs when they weighed 70 kg. and averaged 168 days of age. This observation brings out two points. First, the effect of copper on the degree of unsaturation of porcine depot fat appears to be related to feeding system and age. Second, the failure of the British worker, Braude (1965) , to confirm the results of Taylor and Thomke (1964) , may be associated with the fact that in Britain market pigs are generally fed to scale, as in the present experiment, and are marketed at an older age while the pigs used by Taylor and Thomke (1964) were fed ad libitum.
In earlier experiments, by Castell (1964, 1965) , the greatest incidence of soft fat was among pigs fed a copper supplemented diet in which herring meal was the protein supplement. Pigs fed a diet containing copper and soybean meal exhibited fat softness to a lesser degree. Possibly, therefore, there could be an interaction between copper and protein source which results in soft depot fats. This observation is in agreement with that of Barber et al. (1962) , who found that copper supplementation had a greater effect on daily gain and feed conversion when added to diets containing white fishmeal than when added to diets containing soybean meal as the protein supplement. Taylor and Thomke (1964) did not indicate the composition of the diet fed so that their results cannot be compared on a dietary basis with those of the other workers discussed.
Summary
Twenty-four Hampshire X Yorkshire barrows were fed a barley-fishmeal diet. A comparison was made between the diet without added copper (containing 6 rag. Cu/kg. diet) and one with 280 rag. supplemental copper/ kg. diet. The pigs were restricted to a scale 
